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Abstract 
In this paper, an optimal energy management model of a solar photovoltaic-diesel-battery hybrid power supply 
system is presented. The aim is to meet the load demand completely while satisfying the system constraints. The 
model proposed minimizes fuel and battery wear costs, and finds the optimal power flow taking into account 
photovoltaic power availability, battery bank state of charge and load power demand. The results are compared for 
cases when the objectives are weighted equally and when a larger weight is assigned to battery wear. The results 
depict the optimal decisions considered in the presence of trade-offs between the two conflicting objectives.
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1. Introduction 
A combination of solar photovoltaic (PV), diesel generators (DGs) and battery storage in a hybrid 
system can solve the single source power supply problems. Hybrid renewable energy (RE) systems 
incorporating DGs and batteries have been studied by various authors [1, 2], but battery wear is not 
considered. The lifetime characteristics of battery energy storage systems have therefore not been fully 
considered in many renewable based hybrid energy management optimization studies. The variable nature 
of renewable energy sources means that the battery banks in PV applications experience a wide range of 
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operational conditions including varying rates of charge and discharge, depth of discharges, temperature 
fluctuations and charging strategies [3]. An optimal hybrid scheme of micro grid including combined heat 
and power, gas-engine, wind generator, and PV, with the objective of minimizing fuel consumption is 
proposed in [4]. This paper minimizes the operation cost of a PV-diesel-battery (PDB) hybrid system in 
which lead–acid batteries are used. The results of this work enable consumers and practitioners to acquire 
ideas of the system operations and also to appreciate the need for optimal control of the system. 
Application of multi-objective optimization means that optimal decisions can be achieved in the presence 
of trade-offs between conflicting objectives. Designers typically arbitrarily assign the weight factors either 
uniformly or based on the significance of the objectives [5]. Varying the weights and solving each multi-
objective problem for its optimum results in Pareto optimal solutions [6]. These solutions are important 
for designers, performance analyzers, control agents, and decision makers who are faced with multiple 
objectives to make appropriate trade-offs, compromises or choices.  The purpose of the PDB hybrid 
power system is to supply power to the consumers reliably and economically taking into account battery 
wear. This paper is organized as follows. Section 2 describes the problem formulation, while Section 3 
covers the results and discussion, and the last part is the conclusion. 
2. Problem formulation 
The PDB system configuration is as shown in Fig. 1. The DG supplies the load when both the PV 
output, pvP  and the battery cannot meet the load. Control variables 1P  and  2P  represent the energy flows 
from the DG, and from PV and battery to the load respectively while  3P  represents the energy flow to 
and from the battery. 
Fig. 1. PDB Configuration 
In order to obtain an optimal operation scheme that balances the two objectives in (1), a weighting 
method is employed to integrate the two objectives into one. The sum of the weight coefficients 1w and
2w  is 1. In this paper, two cases are considered, when the objectives are treated as equally important and 
when more weight is given to the battery wear cost. This problem is formulated follows: 
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for all  1,..., ,k N where N  is 24. The battery wear cost is expressed as:  
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where bC is the battery purchase cost, E is the battery capacity, iDoD  is the depth of discharge (DoD) 
being considered, iC  represents the cycles to failure, and i represents each DoD given by the 
manufacturer, 1X  - 2X . The general expression for the battery dynamics is as follows:  
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where ( )SoC k is current state of charge (SoC), (0)SoC is the initial SoC, K is the battery efficiency and 
t' is the time step duration (hour). The load, data used and sub models are as given and described in [7]. 
The optimisation problem is solved in MATLAB. 
3. Results and discussion 
Increasing the battery capacity reduces the depth of discharge requirements, thus extending the cycle life 
of the batteries and reducing interim capital costs but results in increased initial capital costs. Fig. 2 shows 
the power flow at 50% DoD with 1w =0.5, 2w =0.5 and 1w =0, 2w =1 respectively, revealing the 
effect of different optimal solutions on the operation cost.  
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Fig. 2. (a) Optimal power flow with 1w =0.5; (b) Optimal power flow with 1w =0
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In Fig. 2 (a), the objectives are treated as equally important resulting in a total cost of R76.00 per day 
which translates to R2800.00 per month. Curve PT represents the total system power and coincides with 
the load curve showing that the demand is met completely throughout the day.  Fig. 2 (b) shows that when 
the battery wear is given more weight, the cost increases to R83.00 per day and R3031.00 per month due 
to increased usage of the DG, depicting the importance of balancing and prioritizing the objectives. The 
total cost is also influenced by the initial SoC of the battery, the higher the initial SoC the less the usage 
of the DG, the lower the total cost. The optimisation results thus provide a platform for designers, 
performance analyzers, control agents, and decision makers who are faced with multiple objectives to 
make appropriate trade-offs, compromises or choices. The results demonstrate that the proposed model 
can be used to effectively balance the system operation cost. 
4. Conclusion 
    An optimal model of a PDB hybrid energy management system is presented that minimizes both 
fuel costs and battery wear costs. Insights into the significance of weight factors are provided and 
intuition suggests that when a larger weight is assigned to an objective, the optimization result favours 
that objective.  
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